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Description 


DIFFUSION BONDING METHOD FOR 
MICROCHANNEL PLATES 

Cross Reference to Related Applications 

[0001] This application claims the benefit of U.S. Provisional Ap- 
plication Serial No. 60/320,067, filed March 30, 2003, en- 
titled DIFFUSION BONDING METHOD FOR MICROCHANNEL 

PLATES. 
Background of Invention 

[0002] i Technical Field . 

[0003] The invention relates to the field of electronic devices 

having microchannel plates (MCPs), and more particularly 
to methods of bonding a microchannel plate (MCP) to a 
dielectric insulator. 

[0004] 2 . Background Art. 

[0005] Known types of MCPs are typically made from a resistive 
glass that is coated on each side with a conductive mate- 
rial. A high voltage can then be applied across the elec- 


trodes to facilitate electron amplification. 

[0006] Conventional MCPs frequently may be sandwiched be- 
tween two electrodes (an input and an output) that are 
separated by a ceramic shim. This known design "hides" 
the input surface of the MCP and does not allow for inter- 
facing with the spacer. 

[0007] The present invention permits interfacing MCPs with a 
bonded spacer formed from a dielectric insulator. 

[0008] while the above cited references introduce and disclose a 
number of noteworthy advances and technological im- 
provements within the art, none completely fulfills the 

specific objectives achieved by this invention. 
Summary of Invention 

[0009] | n accordance with the present invention, a method of 
bonding a MicroChannel Plate (MCP) suitable for electron 
amplification to a dielectric insulator for use in electronic 
devices such as image intensifier tubes is described. Ap- 
plicable dielectric insulator materials include, but are not 
limited to, sapphire and silicon nitride. Mechanical hold 
downs or retainers are not desired. Bonding involves brit- 
tle material with low shear strength. The bonding method 
does not require solder or brazing materials. 

[0010] The MCP and the dielectric insulator are deposited with a 


thin film using suitable metal(s) selected for optimum dif- 
fusion. Suitable metal(s) include, but are not limited to, 
Gold, Silver, and Copper. Cold thin film depositions have 
been successfully used to form the bond between the MCP 
and the dielectric insulator. 
[0011] The metallized MCP and dielectric insulator are aligned 

and placed in a bonding fixture. The bonding fixture pro- 
vides the necessary force applied to the components to 
initiate a diffusion bond. The bonding fixture is then 
placed in a vacuum heat chamber to accelerate the diffu- 
sion bonding process between the MCP and the dielectric 
insulator. 

[0012] An object of the present invention is to bond an MCP to a 
dielectric insulator without the use of retainers or solder/ 
braze materials. The bonding method involves brittle ma- 
terial with low shear strength. The MCP to dielectric insu- 
lator must not change under thermo-mechanical stresses 
of at least 400 degrees C and 500g's of shock. 

[0013] These and other objects, advantages and features of this 
invention will be apparent from the following description 
taken with reference to the accompanying drawings, 
wherein is shown the preferred embodiments of the in- 
vention. 


Brief Description of Drawings 

[0014] a more particular description of the invention briefly 

summarized above is available from the exemplary em- 
bodiments illustrated in the drawings and discussed in 
further detail below. Through this reference, it can be 
seen how the above cited features, as well as others that 
will become apparent, are obtained and can be under- 
stood in detail. The drawings nevertheless illustrate only 
typical, preferred embodiments of the invention and are 
not to be considered limiting of its scope as the invention 
may admit to other equally effective embodiments. 

[0015] Figure 1 is a frontal view of an assembly fixture for the 
present invention. 

[001 6] Figure la is a top view of the fixture of figure 1. 

[0017] Figure lb is a bottom view of the fixture of figure 1. 

[0018] Figure 2 is an exploded view of the assembly fixture of 
figure 1. 

[0019] Figure 3 is a top view of a dielectric insulator. 

[0020] Figure 4 is a top view of a microchannel plate. 

[0021] Figure 5 is a top view of a microchannel plate and dielec- 
tric spacer inserted body unit. 


Detailed Description 

[0022] so that the manner in which the above recited features, 
advantages, and objects of the present invention are at- 
tained can be understood in detail, more particular de- 
scription of the invention, briefly summarized above, may 
be had by reference to the embodiment thereof that is il- 
lustrated in the appended drawings. In all the drawings, 
identical numbers represent the same elements. 

[0023] a microchannel plate (MCP) 50 and a dielectric insulator 80 
are deposited with a thin film using one or more suitable 
metals or metallic alloys selected for optimum diffusion 
on opposing and compatible exterior faces or surfaces . 
Suitable metal or metals include, but are not limited to, 
gold, silver, and copper. Gold thin film depositions have 
been successfully used to form the bond between the MCP 
50 and the dielectric insulator 80. 

[0024] The metallized MCP 50 and dielectric insulator 80 are 
aligned and placed in a bonding fixture F. The bonding 
fixture F provides the necessary force 26 applied to the 
components to initiate a diffusion bond. The bonding fix- 
ture Fis then placed in a known vacuum heat chamber v 
to accelerate the diffusion bonding process between the 
MCP 50 and the dielectric insulator 80 through the appli- 


cation of a desired vacuum or temperature. 
[0025] The diffusion bonding process described provides an ade- 
quate bond between the MCP 50 and dielectric insulator 
80. 

[0026] Both the MCP 50 and the dielectric insulator 80 are de- 
posited with a thin film using a suitable metal or alloy se- 
lected for optimum diffusion. Suitable metals include from 
the following, but are not limited to, gold, copper, and sil- 
ver. 

[0027] ^ the completion of the thermal-mechanical cycle, the 
bond is secure and the part is ready for use in a known 
device such as a known type of image intensifier tube l( 
shown schematically in Figure 5). No additional annealing or 
compression cycles are generally required. 

[0028] Referring to Figure 3, the dielectric insulator 80, such as a 
sapphire ring, has a metallized bonding surface or side 82 
having a thin-film metal coating 84 bonded thereto. 

[0029] a MCP 50 is shown in Figure 4 with one side or face 52 be- 
ing metallized with a thin-film metal coating 54. Prefer- 
ably, both opposing faces of the MCP 50 have similar 
metal coatings applied. Also, the bonding surface 82 of 
the dielectric insulator 80 is compatible with the metal- 
lized face 52 of the MCP 50. 


[0030] Traces 56 of gold or other chosen metal may be observed. 
A pattern 58 of chromium or other metal used in manu- 
facture may be formed on the MCP 50. 

[0031] | n Figure 5 a MCP body member 60, which may be a multi- 
layered ceramic body, is depicted as being formed having 
a selected metal, such as gold, bump 62 bonded. This is a 
standard solid state process and preferably is applied to 
both the opposing input and output faces 64. An optional 
bias mark 66 may be applied for ease of alignment during 
the manufacturing process. 

[0032] Generally, the dielectric insulator 80, MCP 50, and MCP 

body unit 60 are assembled as outlined below and placed 
in a vacuum oven V. The components preferably remain in 
the vacuum oven vfor a predetermined period of time be- 
fore the oven temperature is slowly returned to room 
temperature for removal of the fixture or fixtures F. 

[0033] Advantages of the Present Invention Include: 

[0034] a There are no known methods for bonding an MCP to a 

dielectric insulator. 
[0035] D , provides a bonding method for bonding an MCP to a 

dielectric insulator. 
[0036] c _ Provides a small footprint for bonding. 


[0037] d_ A heat cycle around 400 degrees C is used to enhance 
the diffusion bond rather than degrade the bond or com- 
ponents. 

[0038] e . The open input face of the MCP allows for improved de- 
sign of the cathode input window by reducing the depth 
of the cavity. 

[0039] f, a dielectric insulator allows for improved design of the 
proper input spacing gap between the photocathode and 
the MCP. 

[0040] Additionally, the requirement of bonding an MCP 50 to a 
dielectric insulator 80 is believed to be unique with no 
known previous methods. The present invention provides 
a new bonding method for bonding an MCP 50 to a dielec- 
tric insulator 80. The bonding present technique will allow 
for improved design of controlling the spacing of the 
photocathode and MCP 50 in a device such as an image 
intensifier tube. 

[0041] Referring particularly to Figures 1 and 2, the assembly se- 
quence may include: 

[0042] a the compression bond fixturing base 10 and the com- 
pression bond fixturing ring/base unit 12 are assembled; 

[0043] D , a dielectric insulator 80, such as a sapphire washer 14, 
is placed on top of an compression bond fixturing ring/ 


base unit 12 with the gold metallized surface 14a facing 
up; 

[0044] c an mcp 16 having both sides metallized with a metal 
such as gold is placed on top of the sapphire washer 14 
aligning gold bonding traces 56 to match so that maxi- 
mum gold is in contact between the MCP 16 and the di- 
electric insulator 14; 

[0045] d. an MCP body 20 having a gold or other selected metal 
bump 18 bonded is placed on top of the MCP 16 using bias 
marks on both the MCP 16 and MCP body 20 for align- 
ment; 

[0046] e , an upper compression bond disk unit 22 is placed on 

top of the MCP body 20; 
[0047] f an upper or top plate unit 24 of the compression bond 

fixtures is assembled with the lower half portion or base 

10 of the fixture without contact or force being made at 

this point; 

[0048] g, a desired slight force 26 is then applied to the top plate 
fixturing 22; 

[0049] n . a lower set screw 28 is released allowing an alignment 
ring unit 32 to drop and no longer make contact with the 
MCP body 20 (this step may not be necessary during re- 
moval of components); and 


[0050] j, a pre-selected force is applied to the compression unit 
34 using an upper set screw 30 of the compression bond 
fixture 36. 

[0051] Disassembly is done in the reverse order slowly using the 
set screw 28 to release the pressure before continuing. 

[0052] Generally, one or more rigid posts 38 maintain the separa- 
tion of the lower base 10 and the upper plate unit 24. A 
handle assembly //for setting and releasing the bonding 
pressure may include a handle or knob 40 with the upper 
set screw 30 operably connected to a handle cylinder 41, a 
shaft 42, spring 44, and a piston or cup unit 46 that re- 
strains a ball bearing 48. A locking nut 49 may optionally 
cooperate with the handle assembly H to lock the fixture 
36 at a desired compression force level. 

[0053] The foregoing disclosure and description of the invention 
are illustrative and explanatory thereof, and various 
changes in the size, shape and materials, as well as in the 
details of the illustrated construction may be made with- 
out departing from the spirit of the invention. 


